Hereafter we outline the procedure to optimally decompose an essential mode, v in terms of rigid body motions (indicated with the "rb" superscript) and a remainder part, ∆ v, having the smallest possible norm:
We assume that the N amino acids of a given protein have been subdivided into Q approximately-rigid groups. The rigid-body motion of each group is parametrised by a six-dimensional vector whose first three components correspond to the centre of mass translation and the remaining three indicate the rotation axis (the norm of the axis encodes the rotation amplitude). The collection of the 6Q parameters will be indicated with Ω. For motions of small amplitudes, the rigid-body approximation of the amino acid displacements admits a linear parametrization in terms of Ω: v rb = A Ω, where A is a 3N x6Q rectangular (block) matrix. The associated displacement vector for a residue k belonging to the qth rigid domain is given by:
where t(q) and ω(q) are, respectively, the translation and the rotation components of the roto-translational Ω parameter vector, and r(k) and r cm q are the positions of the residue and the rigid-block centre of mass, respecitvely. The optimal choice of Ω is obtained by maximising
The conditions for extremality, ∂ξ ∂Ωj = 0, yield:
or equivalently
where B is a 6Qx6Q symmetrix matrix with entries given by B ij = A li A lj . As a consequence of the properties of the A matrix, B is block diagonal and consists of Q blocks of linear dimension 6. Each of these submatrices is in turn block diagonal and comprises a 3x3 submatrix proportional to the identity matrix (with proportionality coefficient corresponding to the number of amino acids in the domain) and the matrix of inertia of the domain. The B matrix is therefore non-singular, and can be inverted taking advantage of its block-diagonal structure, unless one or more of the domain inertial matrices are singular themselves. This fact could occurr if a domain consists of less than three residues, a situation excluded by the search algorithm, orfor accidental situations (collinearity of all domain residues). The above equations imply that the sought rigid-body fit is given by:
where we introduced the rigid block projector:
kh A jh which is a 3N × 3N symmetric matrix. Notice that, as P is a projector, one has that the best rigid fit v rb is orthogonal to ∆ v: ∆ v · v rb = 0. This procedure is straightforwardly applicable to an orthonormal set of essential dynamical spaces.
Notice that, alternatively to the scheme proposed above, the best rigid-body fits to the essential modes, v rb , and the associated roto-translational parameters, Ω, can be calculated by resorting to the singular value decomposition of the matrix A (see. e.g. [1] ).
Domain decomposition of HIV-1 PR based on the lowest energy mode
Deecomposition of HIV-1 protease in Q = 2 dynamical domains. Only the first low-energy mode was used for the rigid-blocks decompositions (n = 1 in equations (5) and (6) of the paper). Top: front view; bottom: top view. The captured fraction of essential motion is 81.7%. 
Amino acids mobility and local structural deformations
In the following figures the mean square fluctuation of all amino acids of proteins 1ako, 1avp and 2ayh is reported against the degree of deformation of their local structural environment (again resulting from thermal fluctuations).
The degree of local structural deformation, hereafter also termed geometric strain, for the i-th residue is defined, in analogy to ref. [2] as: :
where d ij is the distance vector of the C α atoms of amino acids i and j; a superscript 0 is used to denote quantities calculated for the average reference structure.
) is a sigmoidal function weighting the average spatial proximity of the two amino acids. Its point of inflection is set at the cutoff distance of d cut = 7.5Å; the brackets indicate the canonical average. The mean square fluctuations and the geometrical strain plotted in the subsequent figures are expressed in the units of the Beta-Gaussian elastic network model [3] . table I . A large part of the dataset (almost 60%) is populated by proteins composed by three CATH domains. Since the average number of residues per protein is about 500, this results in a small size of CATH domains. This fact reverberates on the fraction of essential motion captured by the rigid decomposition, which is higher than 70% for the largest fraction of the dataset. The overlap between CATH and dynamical domains in a protein is calculated by exploring the combinatorial space of the possible one-to-one pairings of the Q CATH and Q dynamical domains. For each combination of paired domains we compute nq, which is the number of amino acids that are shared by the qth corresponding pair or CATH and dynamical domains. The only set of domain pairing that is further considered is the one yielding the largest number of shared amino acids, P Q q=1 nq. The overlap of the the qth CATH and dynamical domains, comprising N 
